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Abstract 
 
Urban and rural atmospheric humidity differences were analysed and studied based on the hourly average data 
collected in two representative meteorology stations (TKL, 15m, 22°31’43”N, 114°09’24”E and HKO, 32m, 
22°18’07”N, 114°10’27”E) in Hong Kong during the period of 1994 to 2009. It was found that in winter season 
(December and January), the urban areas were more humid than rural areas with the highest UME value of 2.28hPa 
while thus phenomenon was rarely significant in the summer season which is coordinate with UHI phenomenon. In 
addition, an urban moisture balance model, based on urban surface hydrology and urban atmospheric moisture 
balance, was developed to assess the different factors on the temporal behaviour of urban moisture environment. The 
performance of the urban moisture balance model was also discussed. We conclude that the impact of precipitation 
on urban moisture environment is important for the high-compact and high-rise city with limited vegetation ratio. 
Moreover, urban moisture environment is affected by urban morphology, anthropogenic moisture and weather 
conditions. 
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1. Introduction 
 
Urban humidity level is higher than in suburban or rural areas during calm and cloudless nights[1]. This 
phenomenon is defined as Urban Moisture Excess (UME). A detailed study on different behavior of moisture 
environment within the urban and rural canopy layer is significant in order to deeply understanding the latent heat 
flux of the urban energy balance. Thus is also important for understanding the exact mechanism of urban heat island 
phenomenon (UHI) and further providing strategies for human thermal comfort [2]. 
The objectives in this study are to understand temporal behavior of absolute humidity within the urban canopy layer 
and rural canopy layer in the high compact and high dense city, Hong Kong, and to develop an urban moisture balance 
model to provide further understanding of urban air humidity variance. 
 
2. Methodologies 
 
In this study, the urban moisture balance model contains two governing equations: urban surface hydrology 
balance and urban atmosphere moisture balance. Due to high degree of impervious surfaces in the urban areas, the 
small amount of infiltration rate is ignore in the urban surface hydrology equation. Thus the urban surface hydrology 
equation can be expressed as: 
Ą͸ൌെെǗ
͸

(1) 
where is the urban surface areas, Ąis the water holding layer above the impervious datum, is the surface water content, is the precipitation amount, is the runoff amount, Ǘ is the evaporation  rate. 
Neglect the horizontal water vapor diffusion and the variation of urban air absolute humidity can be expressed as: 
 
Ǘ   ൅ Ǘ   ൅ Ǘ   ൌ Ǘ   ൅ Ǘ 
(2) 
where Ǘ   is net advection of water vapor from rural to urban areas, Ǘ   is anthropogenic moisture release into the urban canopy layer, Ǘ   is evaporation process from urban surfaces to atmosphere, Ǘ   is urban water vapor removal from the upper atmosphere boundary layer, Ǘ   is dew fall formation when the water vapor pressure in the 
air near the surfaces reach its saturation value at surface temperature conditions. 
We use Fast Fourier Transform (FFT) for items of precipitation, runoff, rural air absolute humidity, anthropogenic 
moisture release, dewfall amount during nighttime, and could get the solution urban air absolute humidity. 
In this section, we choose Kowloon Peninsula as the target area with a plan area of 47 km2. We choose two weather 
stations, Hong Kong Observatory Headquarters (HKO, 32m, 22°18’07”N, 114°10’27”E, located in Tim Sha Tsui, 
the core urban area of Kowloon) and Ta Kwu Ling (TKL, 15m, 22°31’43”N, 114°09’24”E, located in the northeast 
of the New Territories with lush vegetation but low dense population) as urban and rural area respectively. The 
meteorological data is provided as input data in the model. Air temperature and relative humidity data, which are 
measured 2m above the ground level, are used to calculate urban and rural water vapor pressure and absolute 
humidity, which are provided for model validation. 
 
3. Results and discussion 
 
3.1. Meteorology data analysis 
 
This study chooses Kowloon Peninsula (Hong Kong, 22°15’N, 114°15’E) as the target area with a plan area of 47 
km2. The humidity level in winter season (January) and summer season (July) from 1994 to 2009 were chosen for 
analysis. A pair of weather stations, Hong Kong Observatory Headquarters and Ta Kwu Ling were extracted for 
analysis. We focus on the UME (Urban Moisture Excess) and UHI (Urban Heat Island) value. UME value are defined 
as the cases when the urban water vapor pressure is larger in comparison to the corresponding rural vapor pressure 
(Kuttler, 2007). For the saturation water vapor pressure, we choose Goff-Gratch equation for calculation. UHI are 
defined as the air temperature difference between urban area and rural area. Fig. 1 shows the annual cycle of the UME 
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and UHI value. It was found that in winter season (December and January), the urban areas were more humid than 
rural areas with the highest UME value of 2.28hPa while thus phenomenon was rarely significant in the summer 
season which is coordinate with UHI phenomenon. 
 
 
Fig. 1. Annual course of UME & UHI (1994-2009, based on hourly average) 
 
 
 
Fig. 2. Daily cycle of UME (1994-2009, based on hourly average) 
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Fig. 3. Profile of mean January urban/rural atmospheric absolute humidity & UME 
 
Fig. 2 shows the daily cycle of UME in winter and summer season respectively. In both season, the UME value 
during the night is higher in comparison to the daytime value. During the winter season, the UME value is always 
greater than the summer value. To further investigate the the maximum value of UME during the nighttime, the urban 
and rural absolute humidity level are presented in Fig. 3 respectively. We can find that during the second half of the 
night (especially from 23pm to 7am), the absolute humidity value in the urban areas is remained as constant. However, 
the value in the rural areas is reduced significantly. Thus leads to the absolute humidity difference in the urban and 
rural areas, which are the UME value. This is due to the absent, reduced or delayed dewfall in the city compared with 
the rural environment [2]. 
 
3.2. Model results and discussion 
 
Figure 4 and 5 shows the model result of urban air absolute humidity and the calculated value of urban and rural 
air absolute humidity value based on meteorology data (2006 to 2009). 
 
 
Fig. 4. Profile of absolute humidity level in TKL and HKO in July (summer) 
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Fig. 5. Profile of absolute humidity level in TKL and HKO in January (winter) 
 
Both in summer and winter season, the moisture balance model can capture the characteristics of the urban air 
absolute humidity in the daily cycle. Absolute humidity difference (urban-rural) is larger in winter than in summer, 
because of the different prevailing wind direction in the two seasons and also sea breeze affection in the summer 
season. During the second half of night (from 12 pm to 6 am), air absolute humidity is decreased in rural areas, and 
the absolute humidity difference (urban-rural) is larger than zero, which is due to dewfall formation in the rural areas 
and the delayed or inhibited dewfall formation in urban areas because of the higher air temperature in the urban areas 
during nighttime and the different surface materials in the two areas. In summer season, there are two peak values of 
the air absolute humidity profile in the two stations, which are in the morning and in the afternoon. Thus relates to the 
increased evaporation rate after sunrise and anthropogenic moisture released into the atmosphere, respectively. In the 
winter season, the air absolute humidity level is higher in the nocturnal and lower during the daytime, which is due to 
anthropogenic moisture release after sunset and also less air-conditioning latent heat release compared with summer 
season. 
 
4. Conclusion 
 
Urban and rural atmospheric humidity differences were analysed and studied based on the hourly average data 
collected in two representative meteorology stations (TKL, 15m, 22°31’43”N, 114°09’24”E and HKO, 32m, 
22°18’07”N, 114°10’27”E) in Hong Kong during the period of 1994 to 2009. Urban areas with higher atmospheric 
humidity level especially during calm and cloudless nights than the surrounding rural/ suburban areas is found in the 
high rise and high compact city, Hong Kong. Hence, the delayed or reduced dew formation in the urban areas due to 
the urban morphology and characteristics is suggested to be the main cause. In addition, an urban moisture balance 
model was developed to assess the different factors on the temporal behavior of urban moisture environment. The 
impact of precipitation on urban moisture environment is important for the high-compact and high-rise city with 
limited vegetation ratio. Moreover, urban moisture environment is affected by urban morphology, anthropogenic 
moisture and weather conditions. 
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